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CHAPTER 3 
 
METHODOLOGY 
 
3.1  Introduction 
 
On methodology part, it will describe about how the project will be conduct in 
step by step flow. This flowchart consists planning from starting till the end of the project 
process. This part will explain briefly about how the blade have been design and what 
type of software have been used. 
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3.2  Studies on Blade Design 
 
3.2.1  Wind power 
 
The power contained in the wind is the kinetic energy of the flowing air mass per 
unit time. If 𝑣𝑤𝑖𝑛𝑑 is the velocity of the wind, A is the rotor swept area and ρ is the density 
of air, then Kinetic energy of the wind is given by 
 
 𝐾𝐸 =
1
2
𝑚𝑣𝑤𝑖𝑛𝑑
2            (1) 
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Figure 3.1: Flow chart 
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Volume of air passing through swept area per unit time = 𝐴𝑣𝑤𝑖𝑛𝑑 
Mass flow rate = 𝜌𝐴𝑣𝑤𝑖𝑛𝑑  
𝑐𝑝 = 𝑝𝑜𝑤𝑒𝑟 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 
 
Wind Power 𝑃 =
1
2
(𝑚𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒)𝑐𝑝𝑣𝑤𝑖𝑛𝑑
2      
   
 𝑃 =
1
2
𝜌𝐴𝑣𝑤𝑖𝑛𝑑
3        (2) 
 
3.2.2  Solidity 
 
The solidity of a wind rotor is the ratio of the projected blade area to the area of 
the wind intercepted (Bhadra S N, 2010). The projected blade area over here refers to the 
blade area met by the wind or projected in the direction of the wind. The area of the wind 
intercepted is also called the swept area. 
 
 𝑆𝑜𝑙𝑖𝑑𝑖𝑡𝑦 =
𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑒𝑑 𝑏𝑙𝑎𝑑𝑒 𝑎𝑟𝑒𝑎
𝑅𝑜𝑡𝑜𝑟 𝑠𝑤𝑒𝑎𝑝 𝑎𝑟𝑒𝑎
     (3) 
 
For high-speed horizontal-axis machines, solidity is between 0.01 and 0.1(Bhadra 
S N, 2010). Solidity has direct relationship between speed and torque. High solidity rotors 
have high torque and low speed which suitable for work like pumping water.  Low solidity 
rotors have high speed and low torque. This is typically suited for electrical power 
generation. 
3.2.3  Tip Speed Ratio 
 
 Tip speed ratio (TSR) is the speed of the blade at its tip divided by the speed of the 
wind.  
 
 λ =
2𝜋𝑅𝑁
𝑣
          (4) 
 
where λ is the tip speed ratio, R is the radius of the swept area, N is the rotational speed, 
and 𝑣 is the free wind speed.  
 
